Objective. China faces growing levels of physical inactivity and obesity, associated with increasing urbanization and changing lifestyles in recent years. China is expanding its cities to accommodate a growing urban population. This paper identifies built environment factors that are associated with physical activity in China. Findings can inform urban design and development in China to support increased physical activity.
Introduction
Rising obesity, declining physical activity, and growing rates of chronic disease are major concerns in China and in other developing countries. According to the World Health Organization (WHO) (2015) , 36.2% of adults in China are now overweight and 5.9% are obese. Nearly 80% of deaths in China are attributable to noncommunicable (or chronic) disease (World Health Organization, 2005) . Between 1991 and 2006, the average weekly rate of physical activity dropped by approximately 32% among adults (Ng et al., 2009) . For men, self-reported occupational, domestic, transportation, and leisure physical activity, fell from 350 MET (metabolic equivalent) hours per week in 1997 to 253 MET hours per week in 2006. Women's physical activity declined from 390 MET hours per week in 1996 to 246 MET hours in 2006 (Ng et al., 2009) . Insufficient physical activity is a leading contributor to diseases such as diabetes, cancer and cardiovascular disease (WHO, 2015) .
To reduce obesity and overweight and to combat noncommunicable diseases, the World Health Organization advocates strategies that target entire populations, including the design of environments to promote physical activity for transportation and recreation as part of everyday life (WHO, 2015) , or "active living." Historically, research on active living has examined developed countries, especially the USA and Canada, Australia, European countries, and Japan. Active living research from developed countries is not necessarily generalizable to developing countries such as China, where the cultural context and the built environment may differ (Sallis, 2011) . Indeed, physical activity in China is shaped by specific built environment factors and also by Chinese cultural norms surrounding physical activity, health, and travel (for an overview of cultural factors, public policies, and current urban planning practices that affect physical activity levels in China, see Day et al., 2013) .
The design of Chinese cities to promote physical activity is a timely issue. China is expanding its cities at a rapid rate to accommodate enormous growth in its urban population-including an additional 200 million residents between 1990 and 2000 (The State of China's Cities, 2010) . Accommodating this population could require an estimated 170 new mass-transit systems, 5 billion square meters of road, and 40 billion square meters of new floor space. Though the rate of development may slow in China's current economic situation, it is important to understand the links between the built environment and physical activity to help inform these extensive city building efforts.
This paper reviews existing research on the relationship between the built environment and physical activity in China. It identifies what is known so far, suggests key questions for future research, and highlights some potential differences in the relationship between the built environment and physical activity in China compared to research findings from developed countries.
Methods
This paper reviews 42 published empirical studies on physical activity and the built environment in China. The paper is modeled closely on a paper by Saelens and Handy (2008) . Saelens and Handy (2008) are widely cited-701 times as of July 6, 2015, according to Google Scholar. Saelens and Handy (2008) reviewed 13 published literature reviews and 29 empirical research reports on the association between walking and the built environment. Their paper offers a systemic framework for analysis of literature that is replicable and that, importantly, allows for comparison with the present review. Saelens and Handy's (2008) review provides a guide for the organization of this paper and for the methods of analysis. Note that Saelens and Handy (2008) review studies from developed countries only (reflecting the available literature at that time). They focus exclusively on walking. The present paper, in contrast, reviews studies from China only and includes research on various types of physical activity, including walking and others.
For the present paper, a systematic search was conducted to identify studies published on the association between the built environment and physical activity in China. Search terms used in Web of Science (science and social science) included "physical activity," "walk," "bicycle," "bicycling," "travel," "transportation," "exercise," "recreation," "mode share" AND "environment," "park," "sidewalk," "trail," "mixed use," "urban," "suburban," "urban design," "walkability," "walkable," "bikefriendly," AND "China." Additional search terms included "active living," "active design," "walkability" AND "China." Search terms used for this analysis were those identified by Saelens and Handy (2008) , plus additional terms to include non-walking physical activity and to narrow the focus to China. A few search terms used by Saelens and Handy (2008) , including environment, design, and neighborhood, were not included because these terms were overly broad for this analysis. Bibliographic lists prepared by the Robert Wood Johnson Active Living Research program from 2002 through 2011 were also searched, as was the Active Living Research program's list of research studies from outside of the USA. The reference lists of several published literature reviews on the built environment and physical activity were reviewed to identify studies on China. Finally, the reference lists for all studies that were included in this paper were reviewed to identify possible studies for inclusion.
Each study that as included in this paper met the following criteria: (1) published as a full paper (not only an abstract); (2) included a primary report of methods, analysis and findings; (3) published in a peer-reviewed journal; (4) included an examination of the association between the objective and/or perceived built environment and physical activity; (5) included research that was conducted (all or in part) in China; (6) published before or during 2014; and (7) written in English. Because of the focus of this paper on implications for planning and design of the built environment to support physical activity, studies that examined only the social, cultural or economic environment, were not included (as in Saelens and Handy, 2008) . The built environment was defined broadly, and included concepts such as urban versus rural distinction, natural environment features, and also population density, which impacts transportation planning.
Studies were reviewed using a preliminary coding scheme based on Saelens and Handy (2008) . The coding scheme specified factors such as year of publication, built environment data sources, built environment factors examined, and geographic unit of analysis. Twenty studies were reviewed using the preliminary coding scheme. Based on the review of the first 20 studies, the coding scheme was revised to include additional factors, such as disciplinary orientation of authors and additional types of physical activity (for work as well as for recreation and transportation). All studies were reviewed again using the revised coding scheme.
Review procedures included the following. Each study was characterized in terms of the country in which the data were collected, sample, built environment factors, geographic unit of analysis, type of physical activity, covariates, and major results. Studies were also coded in terms of methods used to collect data (e.g., survey, interview, observation) and on whether environmental data were objective or perceived. (For perceived environmental factors, data on the environment was provided by respondents themselves through self-report.) Studies were further characterized in terms of their geographic unit of analysis. This information was often vague. (The same was true in Saelens and Handy (2008) .) Studies were further coded in terms of the types of environmental factors examined, and the environmental scale of the study (micro, meso or macro). As in Saelens and Handy (2008) , micro-environments referred to the environments immediately around where an individual lives (or works or goes to school, for studies of workplaces or schools). Individuals who live on the same street could potentially vary in their micro-environments. Meso environments included the small scale environments in which an individual lives, such as a neighborhood or census block group. Macro-environments were the larger scale environments in which an individual lives, such as the city or county. All individuals within that scale are considered to have the same environment.
The review also identified the type(s) of physical activity measured (recreation, transportation, work, and/or general); and whether results were expected, unexpected, and null. Expectedness was based on prior empirical research and conceptual models on the relationship between the built environment and physical activity. "More" of the following built environment factors were expected to be associated with more physical activity: density; proximity to nonresidential land uses (includes mixed land uses, transit access); street connectivity; parks and open/green space (quality and availability); non-park physical activity facilities; pedestrian infrastructure (presence and condition); bicycle infrastructure (presence and condition); traffic safety; aesthetics (including cleanliness). "Less" of the following built environment factors were expected to be associated with more physical activity: distance to specific non-residential land uses; crime; traffic volume and noise; high temperatures or oppressive weather conditions; pollution and emissions; and stray animals. Existing literature in developing countries links urban residence with higher obesity and lower levels of physical activity (c.f., Andegiorgish et al., 2012; Muntner et al., 2005; Ramons de Marins et al., 2002) , so urban location was also expected to be associated with less physical activity. As noted earlier, the existing literature focuses heavily on developed countries. The discussion section addresses where relationships in China differ from what is "expected" according to existing literature. For ease and because the current literature does not permit greater specificity, "expectedness" was considered the same for physical activity for recreation, transportation, work, and general. For built environment factors that were measured but for which significant or nonsignificant findings were not reported, the relationship with physical activity was characterized as "null." Finally, studies were coded in terms of which factors, if any, were included as covariates.
Results

Active living research in China
A total of 42 empirical research reports were identified that were published before or in 2014 (see Table 1 ). The earliest identified studies were published in 2006 (Li et al., 2006; Shi et al., 2006) . Rate of publication increased modestly over time, to a total of nine studies published in each of 2013 and 2014. Papers are treated as discrete studies. Note that in some cases, a single study may have produced multiple papers. In terms of disciplinary orientation of authors (as identified by each author's academic department or professional affiliation), healthrelated disciplines (including public health, medicine, epidemiology, and others) were most well represented, with 21 papers having one or more authors from a health-related discipline. Urban planningrelated disciplines were also common (including architecture, urban design, etc.). Research by investigators in sports and exercise-related fields was also well represented (see Fig. 1 ). Multidisciplinary research was common; almost half the studies included authors from more than one field.
Most research focused on China only. A small number of studies included China and one or more additional countries. Much of the research was conducted in China's largest cities: Hong Kong, Beijing, Shanghai, and others. Most studies examined adults.
Most studies included both men and women participants. (A few studies did not report participants' gender.) Most studies in this paper examined adults. Smaller numbers of studies examined seniors (age 65 and older) and children (under age 18). Only studies that explicitly noted that they included adults over age 65, were characterized as including seniors. Thirteen studies explicitly included seniors (over age 65), but only six studies reported results separately for seniors. Five of these six studies reported associations between nearby nonresidential locations and physical activity among seniors. Nine studies included children under age 18; only six studies reported results separately for children. There was no consistent support for specific associations between the built environment and physical activity among children.
The most common method for collecting data on built environment characteristics was by survey or interview (see Table 2 ). Such built environment data was self-reported rather than objectively observed. Fewer studies used observation or environmental audit or GIS (Geographic Information System) as a source of data on built environment characteristics. For physical activity data, several studies used the IPAQ (International Physical Activity Questionnaire, 2009) or modified IPAQ. Most studies used another survey or interview, often created for the study itself. Only two studies used accelerometers to collect physical activity data. Studies examined transportation-related physical activity (21 studies) and recreation-related physical activity (12 studies).
Sixteen studies examined "general" physical activity that was not further specified by purpose. Four studies examined physical activity for work.
As in Saelens and Handy (2008) , individual level demographic variables were a common co-variate and were included in the multi-variate analyses for most studies. Other co-variates varied (e.g., attitudes about the environment and health status). In contrast with Saelens and Handy (2008) , most research in China investigated environmental factors at the meso scale (e.g., neighborhood) rather than at the micro-scale (the physical environment immediately radiating from where an individual lives) (see Table 2 ). This distinction reflects how built environment data were collected in research in China, which was most often through participants' self report about their neighborhoods. In contrast, in the studies in developed countries reviewed by Saelens and Handy (2008) , built environment information was frequently generated through GIS data linked to individual residences. Table 3 summarizes the built environment features that are associated with physical activity for transportation, recreation, work, and general, in terms of whether results are expected or unexpected (as in Saelens and Handy, 2008) . Individual studies may contain results tied to more than one type of physical activity, and may include results that are both expected and unexpected. Studies with results for composite measures of the built environment are assigned to each relevant built environment feature in this table and also noted as "composite."
Built environment features were considered in terms of their associations with specific types of physical activity (transportation, recreation, or work). Physical activity for transportation was examined in 21 studies. Evidence is strongest for associations between physical activity for transportation and proximal non-residential locations. Twelve studies examined physical activity for recreation. Evidence supported the association between physical activity for recreation and proximal nonresidential locations and non-park physical activity destinations. Only four studies examined physical activity for work, so these findings were not conclusive.
Discussion and conclusions
This review included a limited number of studies overall, and all built environment features were not included in all studies. At this stage, one cannot speak definitively of the associations between physical activity and specific built environment in China. Some conclusions can be made, however, by considering the overall number of times a variable was studied and the percentage of studies that found positive associations. Studies in this review provided most support for the association between physical activity and proximal non-residential locations, pedestrian infrastructure, aesthetics, and non-park physical activity facilities, and for the negative association of physical activity with urban residence. Findings also suggested an association between physical activity and parks/open space and bicycling facilities, though only a small number of studies examined these factors. Findings also supported associations between composite features and physical activity, though the type of environment defined by "composite measures" varied somewhat. Findings were mixed on the association between physical activity and distance to specific non-residential land uses, network characteristics, crime safety, traffic safety, and density. Only one or two studies examined the association between physical activity and the presence of stray animals, weather/temperature, and pollution, so these findings are inconclusive.
In their meta-analysis of literature reviews on the built environment and walking, Saelens and Handy (2008) find strongest support for associations between walking for transportation and density, distance to nonresidential destinations, and land use mix. Their findings on built environment features linked to recreational walking were less conclusive. The present study focuses on all forms of physical activity, not only walking, and it deals with 42 studies (total) and not the large number of studies covered by Saelens and Handy (2008) . Still, it is worth Table 1 Characterization of studies by country, sample, environmental factors and data source, geographic unit of analysis, type of physical activity and how measured, covariates, and major results. Results are reported for findings that are statistically significant, typically at P b 0.05 but occasionally at P b 0.10. When multiple models were included in the articles, the most complete model result was considered (as in Saelens and Handy, 2008 (1) Population density, sidewalk density, increased green space, and bus stop density associated with decreased probability of having zero walking trips. (2) Neighborhoods with dense sidewalks, abundant and easily accessible commercial establishments in walking distance, high percentage of green space, and dense bus stops, associated with increased frequency of walking trips. (3) High density and high land use mixture associated with lower frequency of walking trips. (4) Sidewalk density, percentage of green space, dense bus stops, and more commercial destinations, associated with increased duration of walking.
(continued on next page) 311 (1) In higher density and higher jobs-housing balance areas, probability of choosing walking, cycling or another mode of transit is higher than choosing public transit. (2) In areas with high density and high jobs-housing balance, probability of choosing walking, cycling or another mode of transit is higher than probability of commuting by car. Zhao (2013) China 712 Table 2 ). 2 "Survey" or "interview" indicates that respondents provided information about their neighborhoods or local environments. "Observation/environmental audit" denotes that built environment data were collected through observation by the researchers. 3 "Demos" refers to demographic covariates of individual respondents (e.g., age, income, gender) and household characteristics (e.g., car ownership, household income). Other covariates are labeled "other." Other covariates include attitudes (e.g., towards walking, driving); lifestyle factors (e.g., alcohol or tobacco use); health status (e.g., BMI); and other factors.
noting that the present study also finds support for the association between physical activity for transportation and land use mix (proximal non-residential locations) in Chinese cities. As these studies demonstrate, the built environment of Chinese cities and physical activity are clearly associated. Evidence for this association should increase as the number of studies grows over time. This review is limited by its exclusion of studies published in languages other than English. Research published in Chinese, in particular, should be considered.
Additional research on active living in China is greatly needed. For improved validity, future studies should follow the trend in this field towards objective measures of the built environment, while also continuing to include explicit measures of the perceived environment. Though GIS is the standard measure of objective built environment features for much active living research in developed countries, it is unreasonable to expect widespread use of GIS in China, where detailed GIS data is not uniformly available. In the mean time, environmental audits offer one alternative to measure objective built environment features. Some environmental audits have been developed or modified for use in China, including the Irvine Minnesota Inventory-China (Alfonzo et al., 2014) , Environment in Asia Scan Tool (Cerin et al., 2013a (Cerin et al., , 2013b ; and the China Urban Built Environment Scan Tool (Su et al., 2014) .
Most existing active living research in China is correlational (as in Saelens and Handy, 2008) . There is a need for longitudinal and quasiexperimental studies to establish stronger causal relationships between features of the built environment and physical activity outcomes. Research is also needed on smaller Chinese cities that are less well represented in existing research. Indeed, Tier Two and Tier Three cities in China are among the most rapidly developing (Craig and Qiang, 2010) . Their built environments and population characteristics may vary from those of megacities such as Hong Kong and Beijing that are the focus of much existing research.
As in Saelens and Handy (2008) , many questions remain about associations between specific built environment features and specific forms of physical activity. Needed are future studies that test explicit conceptual frameworks. Sixteen of the 42 studies reviewed in this paper measured physical activity in a general way. Needed is more consistency in defining physical activity as tied to transportation, recreation, or work, to better understand its potential relationship with the built environment.
Going forward, active living research should be framed within a specific Chinese context in terms of conceptual models, variables, and interpretation of findings. Take, for example, the issue of urban residence, which is associated with lower rates of physical activity in China (Bauman et al., 2011; Bosdriesz et al., 2012; Monda et al., 2007; Ng et al., 2009; Shi et al., 2006; Van de Poel et al., 2009 ). In developed countries, urban residence is routinely linked to higher rates of physical activity, and especially active travel (Saelens and Handy, 2008) . In research in developed countries, urban residence is typically compared to suburban residence. Research in China, however, often contrasts urban with rural rather than suburban residence. Urban residence in China is frequently associated with higher rates of affluence, greater access to automobiles and more sedentary occupations (Day et al., 2013 ), compared to rural residence. Rural residents in China frequently walk or bicycle for travel, unlike many rural and suburban residents in developed countries. Thus, findings on the link between urban residence and physical activity must be interpreted carefully.
Also, it is important to know more about the specific characteristics of urban residents in China, to understand their physical activity patterns. China has seen enormous growth in the number of residents who have moved from rural to urban areas in recent years. Place of origin (urban versus rural) may affect urban residents' behavior and their attitudes towards some built environment features (e.g., density, traffic safety). Future research should include information about respondents' urban or rural registration status (or hukou) to help make sense of these behaviors and attitudes.
In many Chinese cities, the wide availability of public transportation means that individuals frequently have choices among active travel modes (bus, subway, bicycling, walking), and not only between active and motorized travel. Researchers may be interested in shifts within active travel modes (which have different physical activity implications) as well as shifts between active and motorized travel. Also note that not all bicycling in China is active. The huge popularity of electronic or e-bikes in China (Ramzy, 2009 ) means that many residents who bicycle for travel or recreation, do not necessarily engage in physical activity. Future research should be sensitive to this distinction.
Air pollution was included as a built environment factor in only two studies in this review (Cerin et al., 2013a; Zhang et al., 2011 ). Yet air pollution is a huge concern among Chinese citizens and a growing priority among policy makers (c.f., Secretariat for Clean Air Alliance of China, 2013). Future research should include air pollution as both independent and dependent variables, since high air pollution levels may reduce outdoor activity and reduced active travel may increase air pollution (through increased motorized travel).
Density is another issue that may have distinct consequences for physical activity in China and other developing countries. In research in developed countries, density is commonly associated with increased physical activity (Saelens and Handy, 2008) , typically reflecting the availability of active travel modes in dense urban areas. In this paper, however, density is linked to physical activity in some studies (Alfonzo et al., 2014; Cerin et al., 2012a; Feng et al., 2014; Pan et al., 2009; Zhao and Lu, 2011; Zhao and Deng, 2013) but not in others (Jiang et al., 2012; Pan et al., 2009; Zhao and Deng, 2013; Zhao, 2014; Zhou et al., 2013) . Also, some studies find a negative association between density and physical activity for recreation (Su et al., 2014; Xu et al., 2009 Xu et al., , 2010 . It may be that the very high density levels in Chinese megacities discourage recreational physical activity by limiting per capita park space and causing perceived overcrowding. This relationship needs further examination.
Future active living research should also examine the impact of traffic safety (Cars in China: Dream machines, 2005) . China is a nation of many new drivers (Hessler, 2007) and traffic accidents are common. Concerns about traffic safety may impact walking and bicycling, especially for children. In this review, findings on the association between traffic safety and physical activity were mixed (Alfonzo et al., 2014; Cerin et al., 2012a Cerin et al., , 2012b Cerin et al., 2013a , 2013b , Cerin et al., 2014 Jiang et al., 2012; Li et al., 2014; Naess, 2013; Su et al., 2014; Yang et al., 2010; Zhang et al., 2011; Zhou et al., 2013) . More research is needed to understand the association between perceived traffic safety and physical activity.
Several studies examined associations between fear of crime and physical activity Alfonzo et al., 2014; Cerin et al., 2012a Cerin et al., , 2012b Cerin et al., 2013a Cerin et al., , 2013b Cerin et al., , 2014 Ding et al., 2013; Jiang et Many studies include multiple authors and represent more than one discipline. Table 2 Characterization of studies by how environmental factors were measured, the environmental scale of the study, the type(s) of physical activity measured, and which results were expected, unexpected, and/or null. Zhang et al., 2011; Zhou et al., 2013) , with mixed findings. Crime rates have increased significantly in China during the market reforms of the last three decades (Nielson and Smyth, 2005 .) Researchers should consider unique factors tied to perceived danger and safety for Chinese residents. Consider, for example, the concept of guanxi, the network of personal bonds that shapes all aspects of life in China and which has been linked to perceived safety ). Guanxi may mediate the relationship between the built environment, fear of crime, and physical activity at the neighborhood level. Few studies in this review included children, yet growing childhood obesity is a significant concern in China (Gui et al., 2010; Markey, 2006) . Boys especially are at risk, due to their special status in Chinese society. Parent and grandparents are tempted to spoil boys with food. Youth are the focus of much active living research in the United States and in other developed countries because of the long-term impacts of low physical activity among young people. More research is needed on the association between built environments and physical activity among youth in China.
Several studies examined composite features of the entire neighborhoods that are associated with physical activity Aldinger et al., 2008; Alfonzo et al., 2014; Cerin et al., 2014; Jiang et al., 2012; Ng et al., 2009; Pan et al., 2009; Sallis et al., 2009; Su et al., 2014) . Many studies compared walkable versus nonwalkable neighborhoods; results were most often in the expected direction. Future research should consider the associations with physical activity of popular development types in Chinese cities (e.g., suburban new towns).
Urban planning scholars, policy makers, and practitioners have identified alternate models for urban development in China, that challenge prevailing auto-centric patterns (c.f., Energy Innovation Institute, 2011; Han et al., 2014; Harvey and Busch, 2012; Urban Land Institute, 2013) . Recommendations are familiar: greater transit reliance, smaller blocks and lively street fronts to encourage walking, dense networks of streets and paths, and others. Findings from active living research can provide valuable empirical evidence to support efforts to maximize health and environmental benefits in future planning and development in Chinese cities.
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